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5.1 Analysis of a normal distribution 
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)LJ:DYHOHWWUDQVIRUPRIIUHTXHQF\IXQFWLRQ
D 1RUPDOGLVWULEXWLRQFXUYHE 3ULPDU\JDXVVZDYHOHWWUDQVIRUP
F6HFRQGDU\JDXVV0H[LFDQKDWZDYHOHWWUDQVIRUP

,Q)LJDVKRZHGWKHZDYHOHWWUDQVIRUPE\WKHSULPDU\JDXVVIXQFWLRQRIDQRUPDOGLVWULEXWLRQFXUYHE\E
ZKLFKVKRZHGWKHQRUPDOGLVWULEXWLRQFXUYHF7KHZDYHOHWWUDQVIRUPE\D0H[LFDQKDWIXQFWLRQZDVVKRZQ
7KHUHVXOWRI)LJEZDYHOHWWUDQVIRUPLVVKRZLQJ]HURYDOXHLQWKHSRLQWRIJLYLQJPHDQYDOXH $QGDVD
UHVXOWWKHYDOXHRIDZDYHOHWLVLQUHVSHFWRIPHDQYDOXHDQGILJXUHFWDNHVWKHORFDOPD[LPXP P V P V  ,WLV
VKRZQWKDWFRPHRXWDQGWKHYDOXHRIDZDYHOHWKDVEHFRPHUHVSHFWLYHO\

5.2 Analysis of GMM 
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,WFDUULHVRXW1H[WPL[HGGLVWULEXWLRQRIWZRQRUPDOGLVWULEXWLRQVLVDQDO\VHG 6XSSRVHIURPWKHOHIWWKDWWKH\
DUHWKHD[LDOYDOXHKRUL]RQWDOD[LV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2UWRPDNHVLPXOWDQHRXVHTXDWLRQVVRWKDWLWPD\EHFRPHHTXDOWRWKHYDOXHRIWZRSRLQWV
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7KHQXPHULFDOH[DPSOHRYHUSROOHQGLVSHUVLRQGDWD
7KH KHDOWK KD]DUG FDXVHG E\ FHGDU SROOHQ EHFRPHV D PDMRU LVVXH DQ HDUO\ VSULQJ LQ -DSDQ:H XVH WKH SROOHQ
GLVSHUVLRQ GDWD LQ WKH REVHUYDWLRQ SRLQW LQ .DVDPD&LW\ RI  ZKLFK LV GRZQORDGHG IURP +RPHSDJH RI WKH
0LQLVWU\ RI WKH (QYLURQPHQW RI -DSDQ   7KH0LQLVWU\ RI WKH (QYLURQPHQW RI -DSDQ LV DQQRXQFLQJ WKH SROOHQ
GLVSHUVLRQVLWXDWLRQHYHU\KRXURIIURP)HEUXDU\VWWR0D\VWRQWKHKRPHSDJH
&HGDUSROOHQSUREOHP+D\IHYHULVWKHLOOQHVVZKLFKVWDUWVDOOHUJLHVVXFKDVDVQHH]HDQGDUXQQ\QRVHE\WKH
SROOHQRISODQWVVXFKDVD-DSDQFHGDUDQGDF\SUHVVEHFRPLQJDFDXVH,WLVDOVRFDOOHGVHDVRQDOLW\DOOHUJLFUKLQLWLV
,IWKLQNDERXWWRWKH.DQWRDUHDLVWDNHQIRUDQH[DPSOHVFDWWHULQJRIFHGDUSROOHQZLOOVWDUWDURXQGLQ)HEUXDU\DQG
VFDWWHULQJZLOOGHFUHDVHODWHLQ$SULO$QGVFDWWHULQJRIWKHGHSDUWPHQWSROOHQRIDF\SUHVVVWDUWVDQGLWFRQWLQXHVWLOO
DURXQGWKHHQGRI0D\

([DPSOH
7KLVLVGDWDVDPHDV)LJ)LJ.DVDPDFLW\SROOHQVFDWWHULQJGDWD

)LJ:DYHOHW$QDO\VLVIRU%DQGZLGWK .HUQHO(VWLPDWLRQ)LJ:DYHOHW$QDO\VLVIRU%DQGZLGWK .HUQHO(VWLPDWLRQ
&RQGLWLRQVXFKDVDVQHH]HDUXQQ\QRVHQDVDOFRQJHVWLRQLWFKLQHVVDIHHOLQJRIDIRUHLJQVXEVWDQFHRIH\HVLVLQ
DWHQGHQF\ZRUVHQLQJLQSURSRUWLRQWRWKHDPRXQWRIVFDWWHULQJRISROOHQ7KHQZHWU\WRGLYLGHLQWRGLVWULEXWLRQRI
-DSDQHVHFHGDUSROOHQDQGF\SUHVVSROOHQ
7KHXSSHUURZRI)LJVKRZVWKHGHQVLW\IXQFWLRQRINHUQHOHVWLPDWLRQDQGWKHPLGGOHVKRZVWKHDQDO\VLVE\DVW
RUGHUJDXVVZDYHOHWDQGWKHORZHUEHUWKVKRZVWKHDQDO\VLVDFFRUGLQJWRD0H[LFDQKDWZDYHOHW
7KHIROORZLQJSDUDPHWHUZDVREWDLQHGOLNHWKHIRUPXOD
    
    
Z P V
Z P V
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®    °¯
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
8VLQJWKLVUHVXOWWKHUHVXOWRIWKH.ROPRJRURY6PLUQRYWHVWLVVKRZQEHORZ
7KHDOWHUQDWLYHK\SRWKHVLVLVWKDW.HUQHO'HQVLW\DQG*00(VWLPDWLRQDUHIURPGLIIHUHQWFRQWLQXRXVGLVWULEXWLRQV
7KHUHVXOWKLVLIWKHWHVWUHMHFWVWKHQXOOK\SRWKHVLVDWWKHVLJQLILFDQFHOHYHODQGRWKHUZLVH1RZK 
$V\PSWRWLFSYDOXHRIWKHWHVWLVDQG7HVWVWDWLVWLF)URPQRZRQWKHGLVWULEXWLRQVLWXDWLRQRID-DSDQ
FHGDUDQGDF\SUHVVLVVHSDUDEOH7KH)LJLVWKHDQDO\VLVWR.HUQHO'HQVLW\RI%DQGZLGWK 
,IWKHFRUUHVSRQGHQFHWRDGHWDLOHGFKDQJHLVUHTXLUHGLWLVQHFHVVDU\WRPDNH%DQGZLGWKVPDOODQGSUHFLVHDQDO\VLV
LVUHTXLUHGWRPDNHDVFDOHVPDOO
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)LJ*00(VWLPDWLRQ	.HUQHO(VWLPDWLRQ)LJ.ROPRJRURY6PLUQRY7HVW
&RQFOXVLRQ
,QWKLVUHVHDUFKWKHQHZVROXWLRQZKLFKVROYHVD*00SUREOHPXVLQJFRQWLQXDWLRQ:DYHOHWVWUDQVIRUPZDV
SURSRVHGDQGWKHYDOLGLW\ZDVYHULILHG7KHIHDWXUHRIWKHVROXWLRQRIWKLVUHVHDUFKLVDVIROORZV&RQWLQXDWLRQ
:DYHOHWVWUDQVIRUPLVXVHG,WLVHDVLO\DQDO\VHGXVLQJDFRQWRXUOLQHILJXUH$IWHUUHDGLQJ]HURSRLQWIURPDJUDSKRU
DQRXWSXWILOHDVROXWLRQFDQEHFDOFXODWHGE\HDV\DOLJQPHQWFDOFXODWLRQ,WLVUHVHWWLQJWKHPDLQSDUWRIH[SHULPHQW
DQDO\VLVWRWKHRUHWLFDODQDO\VLVDVDIXWXUHVXEMHFW
$OWKRXJKZHVHWWKHSDUDPHWHUXVLQJWKHVFDOHYDOXHZKLFKEHFRPHVWKHPD[LPXPZDYHOHWSRZHUVSHFWUXPIRU
PRUHVXLWDEOHDQDO\VLVLQWHUDFWLYHDQDO\VLVEHFRPHVPRUHHIIHFWLYHFRQVLGHULQJWKHVHPHWKRGVDVRQHVWDQGDUG$OVR
DERXW WKHGHWHUPLQDWLRQRIEDQGZLGWKLQ.HUQHOGHQVLW\HVWLPDWLRQHDFKUXOHKDVWKHIHDWXUHDQGLWLVKDUGWRVD\
WKDWRQHPHWKRGPD\QRWEHUHFRPPHQGHGWRXVH$OWKRXJKERWKRIVFDOHLQ:DYHOHWV$QDO\VLVDQG%DQGZLGWKLQ
.HUQHO'HQVLW\3UREDELOLW\(VWLPDWLRQUHODWHWRH[SUHVVLRQDOFLUFXPVWDQWLDWLRQ%XWWKHVHWXSVKRXOGEHPDGHE\WKH
SXUSRVHRIXVH
7KHDERYHUHVXOWVKRXOGVKRZWKDW WKHQXPEHURI IXQFWLRQVWRUHSUHVHQWHVWLPDWLRQGHQVLW\E\NHUQHOHVWLPDWLRQ
PHWKRGPXVWXVHPDQ\IXQFWLRQVDVVDPHDVWKHQXPEHURIGDWD9DULDWLRQGLPLQLVKLQJVSOLQHPHWKRGGHFUHDVHWKH
QXPEHU RI IXQFWLRQ YHU\ PXFK DW OHDVW WR 0RUHRYHU   WKLV PHWKRG KDYH DQ DGYDQWDJH WKDW FKDUDFWHULVWLF
YDOXHVVXFKDVDPHDQDQGYDULDQFHDUHFDOFXODEOHIURPIHZQRGHVDQGNQRWV
$ VHPLSDUDPHWULFPHWKRG LV UHSURGXFLEOH LIDPHDQYDULDQFHDQG WKHPL[WXUH UDWLR DUHNQRZQ ,Q*00 WKH
GLVWULEXWHGW\SHLVNQRZQ7RKDYHDGLVWULEXWHGW\SHLWLVYHU\DGYDQWDJHRXV
7KHQXPEHURIGDWDWRUHSURGXFHWKHIXQFWLRQLV
*00PHWKRGVQXPEHURIHOHPHQWV[
9DULDWLRQGLPLQLVKLQJPHWKRGPD\EHOHVVWKDQ
NHUQHOGHQVLW\HVWLPDWLRQQXPEHURIGDWDJUHDWHUWKDQ
5HIHUHQFHV
 36$GGLVRQ7KH,OOXVWUDWHG:DYHOHW7UDQVIRUP+DQGERRN,QVWLWXWHRI3K\VLFV3XEOLVKLQJ
 60DOODW$:DYHOHW7RXURI6LJQDO3URFHVVLQJ$&$'(0,&35(66
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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 &7RUUHQFHDQG3&RPSR$SUDFWLFDOJXLGHWR:DYHOHW$QDO\VLV%XOOHWLQRIWKH$PHULFDQ0HWHRURORJLFDO6RFLHW\
 .7VXNDNRVKL 60DZDWDUL ([WUDFWLRQRI(OHPHQW'LVWULEXWLRQRI*DXVV0L[WXUH'LVWULEXWLRQVZLWKXQNQRZQQXPEHURI
HOHPHQWV
 .7VXNDNRVKL  60DZDWDUL  ([WUDFWLRQ RI (OHPHQW 'LVWULEXWLRQ RI *DXVV 0L[WXUH 'LVWULEXWLRQV %\ :DYHOHWV 3RZHU
6SHFWUXP
 03:DQG'DWD%DVHG&KRLFHRI+LVWRJUDP%LQ:LGWK7KH$PHULFDQ6WDWLVWLFLDQ)HEUDU\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